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Conductive polymer composites (CPCs) have been interested and widely 
developed due to flexibility, processability, lightweight.· These materials can be 
applied for various application such as strain sensor, electronic devices and EMI 
shielding etc. In this work, the effect of type of natural rubbers (i.e., natural rubber 
(NR) and epoxidized natural rubber (ENRSO)), mixing time, conductive fi ller 
concentration and hybrid fillers between few-layer graphene (FLG) and multi-walled 
carbon nanotube (MWCNn were studied to prepare conductive natural rubber 
nanocomposites with strong conductive network and low filler concentration. Cure 
characteristic, mechanical properties and electrical properties strongly depended on 
type of natural rubbers and mixing time. That is, the maximum torque (MH) and torque 
difference (MH - MJ was increased with mixing time and presence of epoxide group 
in natural rubber, resulting in improved mechanical properties of the nanocomposites. 
However, electrical properties such as dielectric permittivity, dielectric loss and 
conductivity were reduced with mixing time. Nanocomposites prepared from mixing 
FLG for 20 minute and ENR50 exhibited good mechanical and electrical properties. 
When various FLG concentrations were incorporated into NR and ENRSO, it was 
found that the maximum torque and torque difference were increased with FLG 
content in both nanocomposites. In addition, the scorch times of NR/FLG and 
ENR50/FLG were reduced with increasing FLG content. The tensile strength was 
significantly improved for ENR50/FLG whereas deterioration of mechanical properties 
was observed for NR/FLGSO. This indicates that FLG particles can act as reinforcing 
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filler in ENR50. The non-linear viscoelastic properties revealed that the ENR50/FLG 
nanocomposites exhibits strong fil ler network structure and filler-rubber interactions. 
Meanwhile, uniform dispersion of FLG in ENR50 matrjx and slight agglomeration were 
observed for ENR50/FLG, confirming the improvement of mechanical properties of 
the ENR50/FLG nanocomposite. For electrical properties, the permittivity, dielectric 
loss and conductivity gradually increased with FLG content. However, in range of 0 
to 50 phr, electrical percolation threshold cannot be I observed in this study. 
Incorporation of MWCNT and FLG into ENR50 resulted in increased tensile strength 
and modulus of nanocomposites. Due to high aspect ratio and strong MWCNT-ENR50 
interactions, the significant increment in the storage modulus was observed for the 
nanocomposites with higher MWCNT ratio. Moreover, ENR50 filled with MWCNT and 
FLG showed higher electrical properties than using only MWCNT and FLG. The 
electrical percolation threshold was reduced from 2.21 phr for 100% MWCNT (i.e., 
4C0F) to 0.83 phr for 75/25 wt% of MWCNT/FLG (i.e., 3C1 F). The reduction in 
percolation threshold was originated from interconnectiv!ty between MWCNT and 
FLG. The percolation threshold of 3C1 F nanocomposite was lower than percolation 
threshold reported in previous works. 
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